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100m. Pictures o f  primitive looms in many cases ex
hibit no feasible shedding apparatus, while the imple
ments found to be used for carrying the weft lead 
us to believe that the operation of weaving in those 
days partook largely of the nature of darning. Prob
ably the oldest representations of looms existent are 
those to be found on ancient Egyptian tombs. Several 
of these have been found at Thebes, on tombs fixed by 
the best authorities as belonging to the period about 
3000 RC. It is probable that the Egyptian form of 
100m was carried first to Greece, and thence to Italy, 
without suffering much change in its migration. 

Montfaucon, a }<'rench monk, writing in the early 
part of the eighteenth century, refers to a work, be
lieved to be of the fourth century, in which a Greciall 
100m is shown, whieh differs very little from the 
Egyptian. 

The process of inserting the rod carrying the weft 
alternately over and under the warp, as a woman does 
her needle in darning, is obviously a tedious one, and 
would decidedly limit production. The necessity, there
fore, for some meam,; of separating the warp would 
soon assert itself. 

Gasoline and Oil 

The most ancient type of heddles, or camb, known, 
is also traced to Egypt, and consisted of a rod over 
which a number of simple loops of twine were passed 
through wh ich the warp threads were drawn. For 
plain cloth two of these would be required to act upon 
alternate threads. An ancient Indian 100m shows this. 
There is no reed-just two heddle shafts which are actu
ated by hand. The weft is brushed into the fell of 
the cloth, and then beaten up by a stick. 

In the Egyptian form of 100m, the weft seems to have 
been drawn through the shed by a hook fixed on the 
end of a rod. It would then develop into passing the 
stick, with the weft wound upon it, through the shed, 
and from this would develop a piece of wood, or shut
tle, speeially shaped for the purpose of conveying the 
weft through the shed, and into which fresh supplies 
could readily be passed. When heddles for shed-form
ing were invented, this piece of wood became quite 
short and po in ted, and was thrown by one hand from 
one side of the 100m, and caught by the other hand 
at the other side when the web was a narrow one. 
TJpon broad looms two weavers had to be employed, 
one at· eaql1 side, to throw the shuttle in turn to each 

Engine Exhausts* 

Methods of Determining Efficiency of Combustion 

In the more elaborate tests on internal-combustion 
engines, it is becoming the practice to analyze sam pies 
of the exhaust gases, with the object 'of determining 
the completeness of combustion and the probable 
strength of the air-fuel mixture supplied to the engine. 
The mixture strength, however, cannot be estimated 
from a partial exhaust-gas. analysis alone, but the esti
mation becomes possible in conjunction with an "ex
haust-gas chart." By that is meant the set of curves 
obtained by plotting on a strength of mixture base, the 
percentages of carbon dioxide (C02), carbon monoxide 
(CO), and oxygen (02), which are found in the exhaust 

gases, the strength of mixture being expressed as the 
ratio of air to fuel, by weight. Thus if an engine is 
supplied with fuel mixtures of different but known 
strengths, and the exhaust from each mixture analyzed 
to determine the percentages of C02, 02, and CO con
tained in it, and these percentages are then plotted 
against the ratio of air to fuel in the mixture, a chart 
is obtained wh ich shows that the amounts of the C02, 
02, and CO constituents bear a definite relation to the 
mixture strength. That being the case, a partial analy
sis (for C02, 02, and CO only) of the engine exhaust, 
together with an exhaust-gas chart for the fuel used, 
are suflicient for the estimation of the ratio of air to 
fuel in the mixture supplied to the engine, and a com
plete gas analysis (which is a rather troublesome 
matter) is not required. In his paper, read at the 
Institute of Mechanical Engineers on March 17th, und er 
the title of the Composition of the Exhaust from Liquid 
Fuel Engines, Lieut. R. W. Fenning, R.E. (T.) shows 
further that the typical "exhaust-gas chart" for any 
fuel can be constructed without using an engine. In 
the course of his paper he also sets out the results of 
numerous experiments as to the composition of ex haust 
gases, especially with reference to the combustible 
products obtained when using strong mixtures. Several 
exhaust-gas charts have been prepared. In the paper 
those for hexane and benzine, gasoline (Bowley's 
Special) and commercial benzol will be found. It must 
be noted that such charts cannot be applied directly to 
cases in which the engine ex haust is diluted with 
unburnt charge or air, as in some types of 2-cycle 
engines. 

Mr. Fenning's paper, then, consists largely of curve 
diagrams and comments on them, and may fairly be 
said to defy summary. It also contains a description 
of the apparatus used, and of the precautions which 
have to be adopted. Shortly, the air and fuel were 
mixed in a glass flask and subsequently passed from 
the mixing flask into the burette of a Macfarlane amI 
Caldwell gas-analysis apparatus (mercury displacement 
apparatus being used). After measurement in the 
burette, the mixture was passed into a glass explosion
vessel (in which mercury displacement was also used). 
The mixture was next ignited by the passage of a high
tension spark, and the gaseous products of combustion 
drawn back into the burette and measured. The 
products were then ready for analysis. In doing tWs 
it was found that some details were important; thus 
the presence of rubber was found to have a weakening 
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effect on all the air-fuel mixtures, benzol mixture being 
largely effected, gasoline considerably, and hexane 
slightly. The employment of rubber was therefore lim
ited to one connection only-that between the abutting 
capillary tubes of the flask and the burette or the 
explosion-vessel and burette-and in this case the inside 
of the rubber tube was coated with soap. The pressure 
of the mixture before explosion varied from a few 
centimeters of mercury above atmosphere to a few 
below, its amount being regulated to suit the strength 
of the mixture. With weaker mixtures the higher 
pressure was employed to secure satisfactory ignition. 
Further, in so me cases the explosion took place at con
stant volume, the lower cock of the explosion vessel' 
being closed, whereas in other cases this cock was left 
open to limit the risk of bursting the vessel. Under 
the conditions of explosion several of the weaker mix
tu res would not fire without the addition of a small 
quantity (from 6 to 14 per cent) of oxy-hydrogen gas. 
Mixtures weaker than about 16 or 17 of air to 1 of fuel 
seem to require this addition. The oxy-hydrogen gas, 
of course, entirely disappears on explosion, and therefore 
has no influence on the subsequent analysis. Some of 
the processes in the analysis also required the produc
tion of combustion, and for this purpose oxy-hydrogen 
was again employed, the quantity being regulated 
according to the amount of combustible gas already 
present. The (oxy-hydrogen) electrolytic gas has to be 
used with discretion, since too much causes a high tem
perature explosion, with the possible formation of oxides 
of nitrogen, and the resulting contraction in volume 
cannot be interpreted, while, on the other hand, too 
small a quantity gives incomplete combustion and 
equally misleading results. In the gas analysis, the 
Macfarlane and Caldwell apparatus was used through
out, and found to give satisfactory results. Caustic 
potash solution was used as the absorbent of carbon 
dioxide, alkaline pyrogallol for oxygen, cuprous chloride 
in hydrochloric acid solution for carbon monoxide, and 
fuming sulphuric acid for heavy hydrocarbons. Hydro
gen was estimated by fractional combustion in a glass 
tube containing a palladium sponge. (It will be seen 
that even a partial gas analysis is not just as easy 
a job as reading a thermometer.) Altogether about 
eleven pipettes were required for a complete analysis. 
As a matter of fact the products of combustion of strong 
mixtures contain combustible gases, and it is the estima
tion of these gases which make even the "partial" analy
sis so elaborate. The paper gives full details of the 
procedure and subsequent calculations, but these are 
rather for the chemist than the engineer. The point ot 
the matter is this: One might proceed by a direct cal
culation of the mixture strength instead of by the em
ployment of an "exhaust-gas chart," but the former 
course presupposes a eomplete analysis of the exhaust 
gas, which would take from 2 to 5 hours, whereas the 
latter requires only a partial analysis, taking from 
35 minutes to 1� hour. The impörtant thing in the 
paper, then, is that the author shows that mixture 
strengths calculated from the exhaust are more accurate 
than have generally been supposed. The ratios by 
volume of hydrogen to carbon in the exhaust and in 

© 1916 SCIENTIFIC AMERICAN, INC. 

other. The task of the weaver of that day is thus 
described by Dyer in verse: 

"He chooses some companion to his toil. 
E'rom side to side with amicable aim, 
Each to the other darts the nimble bolt, 
While friendly converse, prompted by the work, 
KindIes improvement in the opening mind." 

'l'hus, in .the course of centuries, the ancient hand-
100m was gradually improved. Probably the first step 
was the winding of the warp upon a roller, and the 
finished cloth upon another. 

Next heddles were invented, and the warp was placed 
horizontally. Then the reed for pushing up the weft 
into its place was fixed in a swinging sley, upon which 
the shuttle slid as it was pushed or thrown aeross, 
and through the shed formed by the warp threads and 
heddle. 

The title of our article forbids our fOllowing the de
velopment of the shuttle and the 100m any further, 
although the history of and the opposition offered to 
the inventions of Paul Arkwright, Hargreaves, Cromp
ton, Kay, and Cartwright, resulted in the modern spin
ning frame and power 100m, make interesting reading. 

the fuel should agree if the analysis has been suf
ficiently complete to reveal all the constituents contain
ing carbon and hydrogen. As a matter of fact he finds 
that they do so agree (very fairly). 

One may pass then to some general conclusions that 
appear to come out as the result of Mr. Fenning'fl 
experiments. The first is the somewhat surprising fact 
that with volatile fuels there is very little difference 
in the composition of the products of combustion (at 
atmospheric pressure) or air-fuel mixtur es in a small 
explosion-v esse 1 and in an engine cylinder, when all the 
conditions are so dissimilar. It is only because the 
agreement between the C02, 02, and CO

' 
values in the 

engine and the explosion-vessel tests is so close that 
an exhaust-gas chart prepared from explosion-vessel 
tests can be used to estimate the strength of mixture 
supplied to an engine. In general only a very small 
quantity, if any, of unsaturated or saturated hydro
carbons is present in engine-exhaust gases. (To take 
a particular instance, methane is alm ost entirely 
absent.) The hydrogen constituent in exhausts from 
strong mixtures is an important item, and increases in 
value rapidly with increase in mixture strength. The 
ratio of air to fuel in the original mixture can, as has 
been said, be calculated with a considerable degree of 
accuracy from the composition of the exhaust gases, 
and the reliability of Dr. Watson's method and appara
tus for measuring the air and fuel supplied to an engine 
is once more demonstrated. The author adds: "It has 
been shown by Dr. Watson and others that mixture 
strength has a considerable influence on the thermal 
efliciency of an explosion-engine. Given an exhaust-gas 
chart for the fuel, the strength of mixture can readily 
be found from an analysis of the exhaust gases. Why 
not adopt this method when setting carburettors anti 
thus promote fuel economy, lessen carbonization, and 
minimize the pollution of the atmosphere by such poi
sonous gases as carbon monoxide?" Mr. Fenning also 
aCknowledges with gratitude the facilities given by the 
Governors of the Imperial College of Science amI 
Technology for the pur pose of carrying out his experi
ments. 

As may be supposed, the discussion of a paper of this 
kind was very select. Prof. Callendar (of the College 
of Science) said the paper showed that the phenomena 
were extremely simple if only the combustion was 
really complete (which ought always to be sought for 
by a respectable engineer and a decen t driver). Dr. 
Dugald Clerk referred to experiments made by the 
Royal Automobile Club with about forty different cars 
and real engines. The main thing there was the amount 
of CO found in the exhaust und er certain conditions. 
That really meant too little 0.. Using too much gasoline 
in this way one might lose 30 per cent of the heat of 
complete combustlon. The weaker the mixture (1. e., 
the more air) the higher the thermal efficiency, so that 
omitting dead was te like that of incomplete combustion 
as above, just enough oxygen to burn all the carbon 
and hydrogen to CO. and H20 was really the least 
economical mixture that could be used. (Dr. Dugald 
Clerk's argument is based on specific heat, but Mr. 
Fenning's "charts" show the same result arrived at 
experimentally. The mechanical and other limitations 
to very weak mixtures are obvious.) One might, how
e'ver, have too weak a mixture for complete combustion 
and find CO and free O. in the exhaust. The best 
ratio would appear to be about 16 air to 1 of fuel, and 
80 per cent efficiency (indicated) was apparently quite 
possihle. 
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